Abstract -The growth of proteinase-positive Lactococcus lactis strains and the proteinase-negative variants was studied in reconstituted goat and cow milks at 90, 120 and 150 g·kg -1 total solids. pH change and lactic acid production were also compared in the two milks. Goat milk showed a higher buffering capacity than cow milk. The buffering capacity increased with the total solid contents in reconstituted milk. The proteinase-positive strains exhibited a higher maximum specific growth rate (µ max ) and a higher acidification rate than the proteinase-negative variants. The bacterial count and the lactic acid concentration after 15 h of incubation were also higher with the proteinase-positive strains. The acidification rate and the lactic acid concentration after 15 h of incubation for all lactococci were significantly higher in reconstituted goat milk than in cow milk and increased with the total solid contents in reconstituted milk. The µ max and the viable counts obtained after 15 h of incubation for lactococci were relatively close in reconstituted goat and cow milks, with the exception of the Wg2S and Wg2L strains. For these strains, the µ max values were significantly higher in goat milk, but their bacterial counts after 15 h of incubation were lower in goat milk. An uncoupling was observed for these strains in goat milk. In general, reconstituted goat milk was an appropriate medium for the production of mesophilic lactic starters. However, to prevent an uncoupling with some strains such as the Wg2S and Wg2L strains, incubation in reconstituted goat milk at 21°C should be shorter than incubation in reconstituted cow milk.
INTRODUCTION
Lactic acid bacteria (LAB) are widely used as starters to produce numerous fermented dairy products. The main function of these starters is the acidification of milk by the formation of lactic acid from lactose, a process that modifies the texture and flavor of dairy products. For most purposes, the ability to produce acid at a high and predictable rate is essential in cheese starters [8] . However, although the acidifying activity of different LAB has been studied worldwide in cow milk, very little scientific information is available on the growth of LAB in goat milk [2] , especially with respect to reconstituted powders. The majority of the studies that have been carried out refer to the final acid production in goat milk. Dutta et al. [9] showed that bacterial growth and lactic acid production in goat and cow milks were similar. Casalta et al. [5] showed that the origin of the milk (cow, goat or ewe) influenced the acidification rate, which was generally higher in goat milk. Masle and Morgan [16] showed that lactic acid starter activity in goat milk was influenced by the composition of the milk, and notably by the buffering components such as proteins and minerals. Thus, improved activity of mesophilic lactic starters was observed in goat milks as a result of high protein and mineral levels. Ibrahim et al. [13] showed that after one day of incubation a cow milk culture had higher bacterial counts than goat milk culture, but that Growth of lactococci in reconstituted goat milk 375 after three days of incubation the bacterial count of the cow milk was markedly reduced, whereas no changes were observed in the goat milk. Ibrahim et al. [13] concluded that given that the death rate was higher in cow milk cultures than in goat milk cultures, goat milk is more suitable for the growth of lactic acid starters, as well as for the manufacture of fermented dairy products. Portmann and Pierre [19] showed that the growth of a lactic acid starter was similar in cow and goat milks heated between 70 and 90°C. They recommended using LAB grown in goat milk to produce pure goat cheeses. These studies showed that mesophilic lactococci grew well in goat milk and that starters could be prepared on this substrate. However, the majority of the studies in the literature were conducted using fresh goat milk. No systematic study of the production of mesophilic starters in reconstituted goat milk has been reported. The use of reconstituted milk is strongly recommended for the production of starters [6] . Thus, there is a need for better knowledge about the growth of lactococci in reconstituted goat milk.
In Canada, the production of goat milk has increased by over 20% per year since 1995 and this is mainly linked to the production of goat cheeses [12] . Normally, to obtain a fermented goat milk product that can be marketed as a pure goat milk product, the manufacturer must prepare the starter in goat milk [1, 19] . Before the starter cultures became available as frozen concentrates or as dried preparations for direct vat inoculation, they were traditionally produced and maintained by propagation in reconstituted milk powder. Today, many Canadian dairy industries still use skim milk powder to produce lactic acid starters.
Among LAB, there are proteinase-positive (Prt + ) strains and proteinase-negative (Prt -) variants. As Prt -variants do not have proteinase to hydrolyze proteins, those variants stop growing in milk when the free amino acids and peptides have been consumed; in contrast, Prt + strains can continue to grow as a result of their proteolytic activity [17, 28] . The specific growth rate of Prt + strains and Prt -variants is apparently associated with the composition of the culture medium [26] . The composition of goat milk is different from that of cow milk [15, 27] . Casalta et al. [5] showed that acidification in reconstituted goat, cow and ewe milks after 6 hours of incubation at 30 °C was faster with Prt + strains than with Prt -variants. However, it is not known whether total solids have an influence on growth.
The objective of this study was to compare the growth and the lactic acid production of some Prt + and Prt -strains of Lactococcus lactis in reconstituted goat and cow milks at different total solids contents in order to determine whether goat milk is an appropriate medium for the production of mesophilic LAB starters.
MATERIALS AND METHODS

Milk preparation
The skim cow milk powder was obtained from Agropur (Granby, Quebec, Canada). The goat milk powder was produced from bulk goat milk (Nubian, LaMancha, Saaneen, Alpine and Toggenburg breeds) purchased from La Laiterie Tournevent (Drummondville, Quebec, Canada) during the summer of 2005. The goat milk was skimmed by using a centrifuge (Alfa-Laval, Type 62181 m-60/1954, Uppsala, Sweden), evaporated to 400 g·kg -1 of total solids by means of an APV Anhydro evaporator type JPE (APV, Goldsboro, NC, USA) and dried using a rotary spray dryer (Niro Atomizer, P6,3, modelV, Copenhagen, Denmark). The dryer inlet and outlet temperatures were 185 and 85°C, respectively. Both milk powders were vacuum packed and stored at 4 °C prior to use.
The cow and goat milk powders were rehydrated in water at 23 °C for a 1-h period to obtain 3 reconstituted cow milks at 90, 120 and 150 g·kg -1 dry matter and 3 reconstituted goat milks at 90, 120 and 150 g·kg -1 total solids. All the reconstituted milks were heated at 85 °C for 30 min, cooled in ice at 4 °C and distributed in 14-mL sterilized tubes. All the tubes were stored at 4°C for 18 h prior to use for bacterial growth. 
Analytical methods
The composition of the cow and goat milk powders was determined in duplicate. Dry matter was determined by air-drying at 100°C [3] , fat content was determined using the Mojonnier extraction procedure [4] and ash was determined by heating samples at 550 °C for 16 h in a muffle furnace [3] . Total nitrogen (TN) and non-casein nitrogen (NCN) were measured using the macro-Kjeldahl method [3] . The NCN was measured on the filtrate after casein precipitation at pH 4.6, whereas non-protein nitrogen (NPN) was determined on the filtrate obtained after milk protein removal (1:1) with 240 g·kg -1 trichloroacetic acid solution. Casein nitrogen was obtained by means of substraction (TN-NCN). A nitrogen-to-protein conversion factor of 6.38 was applied. The relative proportion of α s1 -casein, α s2 -casein, β-casein and κ-casein in every powder was determined by high-performance liquid chromatography (HPLC) according to the method described by Jaubert and Martin [14] . Calcium and phosphorus were determined with an inductively coupled plasma spectrometer (model 3510 ICP Spectrometer, Applied Research Laboratories, Sunland, California, USA) according to the method described by St-Gelais et al. [24] .
The buffering capacity was determined by titration with 0.36 g HCl·L -1 until a final pH of 4.6 as described by Van Slyke [29] . The buffer index was calculated by using the following equation: .
(1) 
Lactococci strains
Culture and bacterial growth
Working cultures were propagated (inoculum size 100 g·kg -1 ) in reconstituted cow milk (120 g·kg -1 dry matter) supplemented with 2.0 g·kg -1 yeast extract (Difco Laboratories, Detroit, MI, USA) and sterilized at 110 °C for 10 min; incubation was performed at 21 °C for 15 h. For the second transfer, growth was performed in reconstituted cow milk without yeast extract for the Prt + strains and with 2.0 g·kg -1 yeast extract for the Prt -variants at 30°C for 6 h. The last transfer for all the strains was performed in M17 broth (Difco Laboratories, Detroit, MI, USA), which was incubated at 21°C for 15 h. Active cultures were then centrifuged at 3000× g at 23 °C for 10 min (Centra-GP8R, International Equipment Company, Needham Heights, MA, USA). The pellet (bacteria) was diluted in a sterile saline solution (9.0 g NaCl·kg -1 ) to obtain an optical density of 1.40 (λ = 635 nm) using a Beckman spectrophotometer (DU Series 60 Spectrophotometer; Beckman Instruments Inc., Fullerton, CA, USA). The lactococci population in the diluted saline solution was approximately 8 × 10 8 cfu·mL -1 for all the strains.
All the reconstituted milks were inoculated with each diluted saline solution to obtain approximately 2 × 10 7 cfu·mL -1 and all the tubes were incubated at 21 °C for 15 h. This temperature is generally used by manufacturers to produce mesophilic lactic acid starters [6] . The population of the Prt + and Prt -strains was determined after 0, 3, 6, 9, 12 and 15 h on M17 agar (Difco Laboratories, Detroit, MI, USA), which was incubated anaerobically at 30 °C for 48 h. Milk samples were diluted in 1.0 g·kg -1 peptone water. However, because some lactococci grow in long chains [10] , 3 g of 4-mm solid glass beads were added to each
Growth of lactococci in reconstituted goat milk 377 dilution bottle. To ensure disintegration of the long chains, all the dilution bottles were vigorously shaken 40 times before inoculation on M17 agar plates [25] . The µ max were calculated during exponential growth using the following equation: (2) where X 0 (intercept) is the biomass (cfu·mL -1 ) when time T (h) = 0. The plot of lnX against time is a straight line with a slope of µ max .
Titratable acidity was determined with 4.4 g·L -1 NaOH and reported as grams of lactic acid per liter. The acidification rate for the Prt + strains was calculated using the following sigmoid equation: (3) where ∆LA = lactic acid produced (g·L -1 ), a = minimum lactic acid concentration (which is 0), b = slope coefficient, c = inflection point coefficient, d = maximum lactic acid concentration at infinite time, e = a symmetric parameter, and t = time (h). These parameters (a, b, c, d and e) were obtained by curve fitting to the above model using SigmaPlot software version 8 (SPSS Inc., Chigaco, IL, USA). Equation (3) and its first and second derivatives [18] are used to determine the acidification rate at the inflection time. Because lactic acid production with the Prt -variants was linear (Fig. 2D) , the acidification rate of those variants was calculated by using the following linear equation: (4) where ∆LA = lactic acid produced (g·L -1 ), a = concentration of lactic acid when t = 0 h, b = acidification rate, and t = time (h).
Statistical methods
Analysis of variance according to a splitplot design was applied to determine the effects of the types of milk, the concentration of milk total solids and the different strains of L. lactis on the maximum specific growth rate (µ max ), the population after 15 h of incubation, the acidification rate and the lactic acid concentration after 15 h of incubation. The experiment was performed in triplicate. In this design, types of milk, milk solids contents and replicates were the main plots, and strains were the subplots. These statistical analyses were performed with the general linear models procedure of SAS [22] .
RESULTS
Composition of milk powders
The composition of goat and cow milk powders is presented in Table I . Dry matter contents were close in both types of milk powder. Total protein content was higher in goat milk powder than in cow milk powder, mostly due to the higher whey protein and NPN contents of goat milk powder. In goat milk powder, the concentration of fat, ashes, calcium and phosphorus was higher, whereas the lactose content was lower. The casein contents in both types of milk powder were similar, although the α s2 -casein, β-casein and κ-casein contents were higher and the α s1 -casein content was lower in goat milk than in cow milk. The α-lactalbumin and β-lactoglobulin contents were also higher in the goat milk powder.
Buffering capacity
Table II presents the significant effects of types of milk and total solid contents on the buffering capacity of reconstituted milks. All the main factors had a significant effect on the buffering capacity, and a significant interaction between types of milk and total solid contents was also observed. Buffering capacity increased significantly with the milk total solids and was higher for goat milk, especially at 120 and 150 g·kg -1 total solids (Fig. 1). 3.3. Growth, pH evolution and lactic acid production Table III presents the significant effects of the main factors as well as of the various significant interactions between types of milk, total solid contents and strains on µ max , total lactococci population after 15 h of incubation, acidification rate for the Prt + and Prt -strains and the lactic acid concentration for the Prt + and Prt -strains obtained after 15 h of incubation. The types of milk and strains had a significant effect on all the measured parameters. The level of solids also had a significant effect on all the parameters, with the exception of the µ max . A significant interaction between strains and types of milk was observed for all the measured parameters. In addition, a significant interaction between strains and level of solids was observed for the acidification rate and the lactic acid concentration after 15 h of incubation for the Prt -variants. However, The growth of the Prt + and Prt -strains in reconstituted cow and goat milk powders is shown in Figure 2A . The curves correspond to the combined means of the 3 levels of solid contents. The growth of all lactococci in reconstituted cow and goat milks at 90, 120 and 150 g·kg -1 total solids is shown in Figure 3A . The curves correspond to the combined means of the 3 Prt + and 3 Prtstrains. All the lactococci grew in all the reconstituted cow and goat milks. However, the growth of all the Prt -variants was slower than that of the Prt + strains (Fig. 2A) . The stationary phase for the Prt + strains was reached between 9 and 12 h, while it was reached after 6 h for the Prt -variants. The lactococci population increased as the concentration of milk total solids increased (Fig. 3A) .
The µ max , calculated by using equation (2), and the total lactococci population after 15 h of incubation according to the type of milk, concentration of total solids and strain are presented in Table IV . The µ max for the Prt + strains was significantly higher than the µ max for the Prt -variants. The µ max was also higher in goat milk than in cow milk, but only for the Wg2S and Wg2L strains. For the other strains, the µ max was similar in both types of reconstituted milk. In addition, the µ max increased significantly as the total solid contents increased in the milk, but only for the 1076 and 1075 strains. For the other strains (E8S, E8L, Wg2S and Wg2L) the µ max was similar whatever the concentration of total solids.
The populations of all the Prt + strains after 15 h of incubation were significantly higher than those for the Prt -variants (Tab. IV). The populations for the Wg2S and Wg2L strains were significantly lower in reconstituted goat milk than in cow milk, while the populations for the other strains were not significantly different in either type of milk. In addition, the populations increased significantly with the milk total solid contents, with the exception of the populations for the Wg2S and Wg2L strains, which stayed relatively constant. The pH evolution with the Prt + and Prtstrains in reconstituted cow and goat milks is presented in Figure 2B . The curves correspond to the combined means of the 3 levels of solid contents. The pH evolution in reconstituted cow and goat milks at 90, 120 and 150 g·kg -1 total solids is presented in Figure 2 . Evolution of population mean (A), pH mean (B), ∆pH mean (C) and lactic acid concentration mean (D) of proteinase-positive (Prt + ) and proteinase-negative (Prt -) strains of lactococci in rehydrated goat and cow milk powders. Prt + strains in cow milk ( ), Prt + strains in goat milk ( ), Prt -variants in cow milk ( ), and Prt -variants in goat milk ( ). The curves correspond to the means of the three levels of solid contents. Error bars represent the standard error of the means. Figure 3 . Evolution of population mean (A), pH mean (B) and lactic acid concentration mean (C) of lactococci in goat and cow milk reconstituted at 90, 120 and 150 g·kg -1 . Cow milk at 90 g·kg -1 total solids ( ), cow milk at 120 g·kg -1 total solids ( ), cow milk at 150 g·kg -1 total solids ( ), goat milk at 90 g·kg -1 total solids ( ), goat milk at 120 g·kg -1 total solids ( ), and goat milk at 150 g·kg -1 total solids ( ). The curves correspond to means of the three Prt + and three Prtstrains. Error bars represent the standard error of the means. Figure 3B . The curves correspond to the combined means of the 3 Prt + and 3 Prtstrains. The pH value of reconstituted goat milk before inoculation was 6.59, compared with 6.73 for reconstituted cow milks. During milk incubation the pH values for goat milk were always lower than those for cow milk. The pH evolution for both types of milk seemed to be relatively close. In fact, when the pH is expressed as delta pH (Fig. 2C) , the curves for goat milk decreased slightly faster than those for cow milk. In addition, after 9 h (Fig. 3B) , the pH decreased more slowly as the total solid contents increased in the milk, especially in goat milk. The pH evolution was also faster with Prt + strains than with Prt -variants (Fig. 2B) .
Lactic acid production for the Prt + and Prt -strains of lactococci in reconstituted cow and goat milks is presented in Figure 2D . The curves correspond to the combined means of the 3 levels of solid contents. Mean lactic acid production in reconstituted cow and goat milks at 90, 120 and 150 g·kg -1 total solids is presented in Figure 3C . The curves correspond to the combined means of the 3 Prt + and 3 Prtstrains. Lactic acid production was higher with the Prt + strains than with the Prt -variants and was faster and higher in goat milk than in cow milk (Fig. 2D) . In addition, the lactic acid production increased with milk total solid contents and was higher in goat milk than in cow milk (Fig. 3C) . Table V presents the acidification rates and the lactic acid concentrations after 15 h of incubation calculated using equation (3) for the Prt + strains and equation (4) for the Prt -variants, allowing for comparison of the effects of the type of milk, concentration of total solids and strain. The acidification rate was higher for the Prt + strains than for the Prt -variants and was significantly higher in goat milk than in cow milk. In addition, the acidification rate increased significantly with the milk total solid contents, especially for the Prt + strains. The E8S strain had the best acidification rate among the Prt + strains, and E8L had the best acidification rate among the Prt -variants. Lactic acid production after 15 h of incubation was significantly lower for the Prt -variants than for the Prt + strains (Tab. V) and was significantly higher in goat milk than in cow milks. In addition, for all the lactococcal strains, the lactic acid concentration after 15 h increased significantly with the milk total solid contents. The highest contents were obtained with E8S for the Prt + strains and E8L for the Prt -variants.
The behavior of the Wg2S strain and its variant was different comparatively to the other Prt + and Prt -strains. To demonstrate it, the population and the lactic acid concentration obtained for the E8S and Wg2S strains in reconstituted cow and goat milks at 90, 120 and 150 g·kg -1 total solids after 15 h of incubation are presented in Figure 4 . Similar comparative observations could be done between Wg2S or Wg2L and the other strains (data not shown). The population of the E8S strain increased with the level of total solids in reconstituted cow and goat milks. The bacterial count of the Wg2S strain also increased with the level of total solids, but only in reconstituted cow milk. In reconstituted goat milk, the population of the Wg2S decreased with the level of total solids. However, for the E8S and Wg2S strains the lactic acid concentration increased with the level of total solids in reconstituted cow and goat milks.
DISCUSSION
In this study, the total proteins, whey protein, NPN, calcium and phosphorus contents were higher in goat milk powder than in cow milk powder. These results were similar to those obtained by Ibrahim et al. [13] . The composition of the milk can affect the buffering capacity, which increases with the total solids [21, 25, 27] . Our results confirm the literature in this respect. The buffer index of reconstituted milks increased with the milk total solid contents and was higher for goat milk than for cow milk. These results seem to differ from those obtained by Casalta et al. [5] , who reported that goat milk had a lower buffering capacity than cow milk because of the low casein and mineral contents in goat milk. However, the composition of goat milk depends on the breed of goat [27] . In Canada, there are five goat breeds, and some of them produce milk with buffering capacities similar to or higher than cow milk [27] . In this study, the goat milk powder was obtained from bulk milk (five goat breeds). Srilaorkul et al. [23] determined that the contribution of casein, whey protein and salts to the total buffer system intensity of cow milk is 36.0, 5.0 and 59.0%, respectively. Therefore, even though the casein contents between cow and goat milk powders were close, the fact that the whey protein and mineral contents, and particularly the phosphorus and calcium contents, were higher in goat milk powder than in cow milk powder could explain the higher buffering capacity of reconstituted goat milk at identical total non-fat solid contents.
Among lactococci, there are proteolytic strains and nonproteolytic variants. In this study, the Prt + strains (E8S, Wg2S and 1076) grew well in reconstituted cow and goat milks and stopped multiplying after 12 h of incubation, while the Prt -variants (E8L, Wg2L and 1075) did not grow very well, and their viable counts stopped increasing after 6 h. These results indicate that, in both types of reconstituted milk, the Prt -variants probably stopped growing when the free amino acids and peptides had been consumed, whereas the proteolytic activity allowed the Prt + growth to continue. The lactic acid production and the acidification rate were also higher for the Prt + strains than for the Prt -variants. These results obtained with reconstituted cow and goat milks are in agreement with those obtained by St-Gelais et al. [25] , who found that the Prt -variants E8L, Wg2L and 1075 did not grow very well in reconstituted cow milk, because these nonproteolytic strains could not hydrolyze proteins. Casalta et al. [5] observed that the Prt -variants they used could acidify goat milk to a pH of 5.5 after 9 h of incubation, whereas cow milk was not acidified. Their results are different from those obtained in this study. The E8L, Wg2L and 1075 variants slightly acidified the reconstituted goat and cow milks. The pH value obtained after 15 h of incubation with those variants was above 6.0. These discrepancies could be due to the types of strains used to acidify the milks, to the varying buffering power of goat milk and to the treatment used to heat reconstituted milks. Casalta et al. [5] isolated their Prt -variants from goat cheese; those variants were potentially more adapted to growth in goat milk than the variants used in this study. In addition, they heated their reconstituted milks at 63 °C for 30 min instead of 85 °C for 30 min in this study. Chavarri et al. [7] showed that the heat treatment used to heat milk can modify the lactic acid production by mesophilic bacteria.
The composition and the buffering capacity of milk can affect the growth and acidification rate of lactic acid starters [5, 9, 13, 16, 25] . Masle and Morgan [16] showed that the acidification capacity of lactic acid starters in goat milk was influenced by variations in the composition of the milk, mainly the mineral and protein contents. The results obtained in this study confirm this observation. Even though the µ max were similar when the total solids in reconstituted milks increased, the acidification rate and lactic acid concentration measured for the Prt + and Prt -strains after 15 h of incubation increased with the milk total solid contents and with the buffering capacity of the milk. Moreover, the pH fall was slower in reconstituted milks (and in goat milk especially) at 150 g·kg -1 total solids than in reconstituted milks at 90 g·kg -1 , even though the lactic acid concentration was higher in reconstituted milks (and in goat milks especially) at 150 g·kg -1 .
Normally, the high buffering capacity of milk can act as a protective mechanism for the bacteria [16, 21] . In this study, however, the bacterial growth in reconstituted goat milk slowed down after 9 h of fermentation as compared with cow milk, especially at 90 and 120 g·kg -1 total solids, even though the buffer index was higher in the goat milk. This observation was mainly due to the Wg2S and Wg2L strains, which had lower viable counts after 15 h of incubation in goat milk than in cow milk, when compared with the other strains. Ibrahim et al. [13] observed with their lactococcal strains that cow milk allowed a higher bacterial count than goat milk after one day of incubation. After 3 days of incubation, however, the bacterial count in cow milk was reduced, and no change was observed in goat milk. These observations by Ibrahim et al. [13] were slightly different from those obtained in this study and seem to have been dependent on the types of starters used to inoculate the milk. The populations of the E8S, E8L, 1076 and 1075 strains after 15 h of incubation were not significantly different in reconstituted goat and cow milks, but the bacterial count for the Wg2S and Wg2L strains was significantly lower in goat milk and decreased with the level of total solids. So, an uncoupling was observed with the strains Wg2S and Wg2L in reconstituted goat milks. These strains stopped growing but the lactic acid production continued. In general, uncoupling is not desired during the production of mesophilic lactic acid starter, because the lactic acid accumulation in milk could affect the activities of bacteria (over-ripeness) [11, 20] . The incubation of the Wg2S and Wg2L strains should be shorter in reconstituted goat milk to prevent an uncoupling and over-ripeness [20] .
CONCLUSION
The results presented in this study reveal that reconstituted goat milk is an appropriate medium for the production of mesophilic lactic acid bacteria starters. In general, the performance of lactic acid starter strains in reconstituted goat milk seems to be similar to the performance in fresh goat milk that has been reported in the literature. The higher buffering capacity observed in reconstituted goat milk allowed us to obtain a better bacterial growth and lactic acid production than in reconstituted cow milk with the exception of the Wg2S and Wg2L strains. For these strains, an uncoupling was observed in goat milk. To prevent an uncoupling and an over-ripeness with some strains, like the Wg2S and Wg2L strains, incubation at 21°C could therefore be shorter in reconstituted goat milk than in reconstituted cow milk. Further investigation is required to determine the effect of the origin of the milk on the subsequent specific activity of lactococci in the manufacturing of fresh goat cheese.
